Background: Staphylococcus aureus is found on all surfaces especially in public areas like hospitals and schools and on frequently touched areas like toilet and classroom door handles. Methicillin resistant Staphylococcus aureus (MRSA) is a strain of Staphylococcus aureus which is resistant to methicillin. There are two types of MRSA: Community acquired methicillin resistant Staphylococcus aureus (CA-MRSA) and hospital acquired methicillin resistant Staphylococcus aureus (HA-MRSA). MRSA in the community presents a significant reservoir that could enter into healthcare facilities and spread among patients and also a risk for immune compromised persons in the community. Methodology: The study aimed at determining the prevalence of MRSA isolated from toilet and classroom door handles as a potential source of infection to the students and the workers in selected schools in Nairobi, Kenya. The study also compared the prevalence of MRSA between boarding and non-boarding girls, boys and mixed (both girls and boys in the same school) secondary schools. Twelve secondary schools in Nairobi County were randomly selected and 306 samples from both the toilet and classroom door handles were collected using sterile swabs and transported to the laboratory. Isolation of Staphylococcus aureus was done by the use of selective media Mannitol salt agar, antibiotic susceptibility of isolates was done by disk diffusion method, and molecular detection of mecA and PVL genes were done by polymerase chain reaction (PCR). Results: The prevalence of S. aureus was 20% and 15% were MRSA positive by both Antimicrobial Susceptibility Test and PCR detection. 20% showed the presence of PVL genes, 8% showed the presence of both genes and 56% of isolates with mecA gene had PVL genes. Conclusion: The presence of MRSA in this study emphasizes the need to formulate hygiene measures to prevent possible spread of MRSA and other transmissible pathogens to students and workers in the schools.
Introduction
Staphylococcus aureus is a gram positive coccus, catalase positive, mainly coagulase positive, non-motile bacterium [1] . The bacterium is found in a wide range of habitats including environmental surfaces, in nasal nares of domesticated animals like dogs, cats and horses and on human body surfaces [2] as a part of normal microflora. However, S. aureus can also cause a variety of infections in animals, for instance, mastitis in dairy cows, septicaemia and arthritis in poultry and genital tracts infections of animals. The large polysaccharide capsule of the organism protects it from recognition by the immune system of the cow [3] . S. aureus in humans is found on the mucus membranes, for example, the nasal passages and the human skin of around a third of the population and, it is well adaptable to antibiotic pressure, therefore it is able to colonize healthy individuals which can be a source of infections and spread among people [4] . People with suppressed immunity due to the use of suppressive drugs and other diseases that cause immune diseases are at higher risk of acquiring S. aureus infections. S. aureus is able to combine a number of bacterial immuno-evasive strategies to invade humans; these strategies include production of virulence factors like carotenoid pigment Staphyloxanthine responsible for the golden colour of S. aureus colonies on a culture media. This factor helps the bacteria to evade reactive oxygen species which are used by the host to kill the pathogens [5] . S. aureus can cause three types of infections: Superficial lesions like pimples, impetigo, boils, cellulitis, scalded skin syndrome (SSS) and abscesses; toxicosis like food poisoning, toxic shock syndrome (TSS) and systemic infections like endocarditis, brain abscesses and meningitis, osteomyelitis, bacteremia and sepsis [6] . S. aureus has been known to possess antibiotic resistance genes; these genes includes mecA gene which leads to methicillin resistance [7] . S. aureus was one of the first bacteria in which penicillin resistance was found in 1947 four years after the drug started to be produced. S. aureus is also resistant to a number of antibiotics which include beta lactam antibiotics like penicillin, amoxylin and oxacillin. Treatment of S. aureus infections has been difficult due to its ability to resist the commonly used drugs in the hospitals; methicillin was the drug of choice but has been replaced by oxacillin due to significant kidney toxicity [8] . In the USA, half of the S. aureus infections are resistant to penicillin, methicillin, tetracycline and erythromycin leaving vancomycin as the only drug of choice. In recent studies, strains which are resistant to vancomycin have been identified and are called vancomycin intermediate resistance S. aureus (VISA) and vancomycin resistant S. aureus (VRSA) [8] . Prevention of the S. aureus infection is diverse and may include hand-washing, use of disposable aprons and gloves in the hospitals to reduce skin contacts. Disinfectants like ethanol, quaternary compounds and sodium hypochlorite are used to disinfect surfaces [9] . The study aims at determining if there is presence of MRSA in secondary schools in Nairobi County and the prevalence of MRSA in these schools. Presence of MRSA in schools posses a significant source of infections to the community and possible entry of MRSA in the health facilities. The immune-compromised persons, who are also at risk of getting infected if in contact with the pathogen students in the day schools, are more likely to transfer the MRSA to their homes when they go home. Home is the meeting place for all the other family members who might spread the bacteria to other areas in the community.
Methodology
Study site: The study was conducted in selected secondary schools in Nairobi, Kenya
Study population: The study population included selected secondary schools in Nairobi, Kenya and whose the head teachers of the schools had given consent to participate in the study.
Study design: A cross-sectional study design was used. The schools were selected randomly
Study Information and Consent from the Headteachers
The selection of the schools was done from a list of all the secondary schools in Nairobi, Kenya. The head teachers of the selected schools were given the information about the study and were asked for their consent to participate in the study. The head teachers were asked to sign the consent form.
Sample Collection
A total of 306 swabs were collected from door handles of the both the class rooms doors and the toilets in randomly selected secondary schools in Nairobi Kenya. The samples were collected using sterile swabs moistened using buffered peptone water by swabbing the toilet and the classroom door handles. The samples were properly labeled using reference numbers so that the identity of the school was anonymous and then transported to the Laboratory using buffered peptone water transport media. Student's toilets, school workers toilets, class rooms and visitors' toilets in each school were swabbed.
Laboratory Procedures

Culture of the Samples
In the laboratory the sample in the tube were thoroughly mixed to suspend the microorganisms into the buffered peptone water solution. The suspension was inoculated into Mannitol salt aga media. The samples were then incubated at 35˚C for 22 hours. Mannitol Salt Agar is used for the selective isolation and enumeration of Staphylococcus aureus from clinical and nonclinical materials. Only Staphylococcus aureus grow on agar media containing 7.5% sodium chloride. Addition of 7.5% sodium chloride to phenol red mannitol agar results in an improved medium for the isolation of plasma coagulating staphylococci. The 7.5% concentration of sodium chloride results in the partial or complete inhibition of bacterial organisms other than staphylococci. Mannitol fermentation, as indicated by a change in the phenol red indicator, aids in the differentiation of staphylococcal species.
The identity of the isolates was confirmed by standard laboratory methods which included colony morphology, gram staining, catalase test and coagulase test.
Preservation of Staphylococcus aureus Isolates
Two or three colonies of the isolates were diluted to 2 Mac Farland standard in 2 mls of sterile tryptic soy broth.
Open Access OJMM
C. MBOGORI ET AL. 250
One ml of the organism was put into a cryo vial containing one ml of sterile tryptic soy broth with 15% glycerine, then sealed with a cock and stored at −80˚C.
Antimicrobial Susceptibility Testing
S. aureus ATCC 25923 was used as positive control organism
Detection of MRSA by Disc Diffussion
Methicillin resistance was determined by testing resistance to 30 μg Cefoxitin. If the inhibition zone for cefoxitin was ≤21 mm, the culture was considered as positive for MRSA. Cefoxitin was used as a surrogate for oxacillin resistance. The result was reported as oxacillin susceptible or resistant based on the cefoxitin result. The results indicated the presence of MRSA (CLSI Guidelines).
Detection of mecA and PVL Genes
The DNA isolation was done using Spin protocol method using the QIAGEN kit. The kit is made by QIAGEN Inc, Hilden-Germany. The amplification was done using GenoTypeMRSA assay kit. Thermocycler ABI 2720 was used for amplification. The identification of the mecA gene and PVL gene was done through reverse hybridization. The kit identifies both the mecA gene and the PVL gene. The presence of mecA gene was considered as MRSA positive. PVL gene detection in this study was based on the rational that it is mainly found in CA-MRSA.
Statistical analysis: Data entry and analysis were performed using Ms excel.
Ethical approval for the study: Ethical clearance for the study was obtained from KEMRI Scientific Steering Committee and Ethical Review Committee
Results
Prevalence of Staphylococcus aureus
A total of 306 samples collected from selected secondary schools were processed and 61 samples were positive for S. aureus (20%) ( Table 1) .
Antibiotic susceptibility of Staphylococcus aureus Isolates
Antibiotic susceptibility testing was performed on all the 61 isolates. Shows the proportion of isolates, classified as susceptible, intermediate or resistant to the antibiotics that were tested and these results are presented in Figure  1 . There were 14 isolates (15%) which were resistant to Cefoxitin and 47 isolates (85%) were sensitive. The highest level of resistance was to trimethoprim/sulfamethoxazole, with 37 isolates (61%) exhibiting complete resistance. Only 14% of the isolates were sensitive to trimethoprim/sulfamethoxazole 54 isolates (88%) were susceptible to amox/clav and 10% were resistant. All the isolates were sensitive to Tetracycline, Erythromycin, Levofloxacin, Gentamycin, Ampicillin, Vancomycin and Clindamycin.
Staphylococcus aureus Distribution
S. aureus was more prevalent in Girls' schools than in boys' schools. S. aureus was also found in mixed schools and non in boys'schools ( Table 2) .
Presence of MecA Gene and PVL Gene
Out of 61 isolates of S. aureus 9 (15%) isolates contained Open Access OJMM
C. MBOGORI ET AL.
251
Mec A gene and 12 (20%) had the PVL genes. Five (8%) isolates had both Mec A and PVL genes. This is way below the percentage from a study done in Iraq holy shrine where MRSA with PVL gene was 27% [13] . Table 3 shows the percentage of S.aureus isolates carrying both Mec A and PVL gene detected by PCR analysis.
Discussion
Prevalence of S. aureus in Schools
A prevalence of 20% of S. aureus was observed in this study. Out of the 61 S. aureus isolated 14 (15%) were MRSA using the disk susceptibility tests. A study carried out in Nairobi showed a prevalence of 41% of S. aureus isolated from community acquired infections [10] , these findings were much higher than the ones found in this study. However, in almost a similar study done in Lagos, Nigeria 20% of all isolates obtained on the telephone booths receivers were S. aureus. Lack of published data documenting patterns of S. aureus in secondary schools in both Kenya and in Africa precludes my ability to determine wether there has been an increase of the bacteria in the secondary schools environment.
Antimicrobial Susceptibility
Trimethoprim/sulfamethoxazole: A high resistant rate (61%) was observed in the isolates. In almost a similar study in Lagos, Nigeria, isolates from telephone handles were 100% resistant to Trimethoprim/sulfamethoxazole: [11] . Erythromycin: Resistance of 0% was seen among the isolates in this study. This was a great difference compared to 100% resistance of the same drug done in a study in Lagos, Nigeria, isolates from telephone handles [11] . Tetracycline: No resistance was found in tetracycline all the isolates were sensitive to tetracycline. In almost a similar study in Lagos, Nigeria, isolates from telephone handles were only 33.3% who were sensitive to tetracycline [11] .
Amoxyllin/Clavulanic acid: 2% resistance was noted in the isolates, this was very low compared to 59.3% resistance in a study conducted in Nigeria on the handles of telephone booths [11] .
Ampicillin: All the isolates were resistant to ampicillin. In a study done for residential indoors in Texas, 54.59% showed resistance to ampicillin [12] .
Gentamycin: No resistance to gentamycin was noted in this study. In a study done in Lagos, Na igeria, isolates from telephone handles were also 100% sensitive to Gentamycin [11] .
Cefoxitine resistance was seen in 15% the isolates, while all the isolates were sensitive to Clindamycin, Levofloxacin, and Vancomycin.
Prevalence of Staphylococcus aureus in Different Types of Schools
Staphylococcus aureus was common in Girls schools and mixed schools. No isolation was found among the boys school. This could be attributed to the fact that the boys use urinals in the toilets. The urinals do not have doors, so the risk of touching the door handles is unlikely. The girls will almost always touch the door handles as they have to touch the toilet handles when entering and coming out of the toilets. Staphylococcus aureus was found in four (Girls schools) out of 12 schools. Only two (Mixed schools) were positive for Staphylococcus aureus. Among the four girls schools two were boarding and the other two were day schools. Among the two mixed schools one was mixed none boarding and the other one mixed boarding school.
Prevalence of MecA Gene
Out of the 61 S. aureus isolated from the schools, 9 (15%) had MecA gene. 5 (8%) had both PVL and MecA genes.
Prevalence of PVL Gene
Out of the 61 of the S. aureus isolates 12 (20%) contained the PVL gene. 5 (56%) out 9 isolates containing MecA gene had PVL gene. A study done in France showed that most CA-MRSA contain the PVL gene [14] .
Conclusion
The new data reveal that there is a presence MRSA in schools. Surveillance programs and researches should be done regularly to monitor the antibiotic patterns of
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MRSA. This will help curb the problem of developing resistance to antibiotics and more so resistance to methicillin. Hygine measures and education should be done in schools to prevent the spread of MRSA and other infectious diseases.
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